HBV is a small, double-stranded DNA virus and the prototype of the hepadnavirus family (Ganem & 78 Varmus, 1987) . HBV strains are classified into eight genotypes, designated A-H (Arauz- Ruiz et al., 79 2002; Naumann et al., 1993; Norder et al., 1993; Okamoto et al., 1987; Stuyver et al., 2000) . Each 80 genotype has distinct geographical distribution. Genotype A is common in North-Western Europe, 81
North America, and Africa. Genotypes B and C are predominant in East-and South East Asia, Oceania 82 and among aboriginal populations in Australia. Genotype D is found worldwide and is predominant in 83 the Mediterranean, Middle East, and India, whereas genotype E has so far been confined to 84 populations in western parts of sub-Saharan Africa apart from one report from India (Norder et al., 85 2004; Singh et al., 2009) . Genotype G has been identified in samples from several countries, and is 86 found in patients co-infected with another HBV genotype. Genotypes As a part of a schistosomiasis morbidity study, sera were collected from 563 inhabitants aged 15 to 55 126 years living in a rural area in Northern Madagascar (Leutscher et al., 2008; Ramarakoto et al., 2008) . 127
Participants were from the Mataipako village and from five villages (Ambodikatakata, Ambodimanga, 128
Ankatoko, Antsaboahitra, and Tanambao) in the neighboring Sirama sugercane plantation area close to 129 the major town Ambilobe. Two-hundred-fifty-one samples (43 %) were from Mataipako and 322 from 130 the Sirama villages (Table I) . Three hundred and one (54 %) were from males and 262 (46 %) from 131 females (Table II) (Norder et al., 1992) . The pre-core region was amplified 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   7 with primer promC and hep68 (Sendi et al., 2005) , and nested with primers hep67 and hep68 (Arauz-158 Ruiz et al., 1997) . For amplification of the core promoter region, primers hep64 and hep70 were used 159 in the first round of PCR and hep64 and hep54 in the nested PCR (Sendi et al., 2005) . 160
161
Purified products were used as templates in the sequencing reaction using the dideoxy-nucleotide 162 chain-termination method with an ABI PRISM BigDye terminator cycle-sequencing reaction kit 163 (version 3; Applied Biosystems, Foster City, CA, US). The primers used in the PCR were used as 164 sequencing primers. All amplification products were sequenced bi-directionally. 165
An ABI PRISM 3100 genetic analyser (Applied Biosystems) was used for electrophoresis and data 166 collection. 167
168

Phylogenetic analysis 169
Sequences obtained were edited manually using the SeqMan program in the LASERGENE package 170 (DNASTAR,Inc,Madison, WI). The sequences were thereafter aligned with the corresponding region 171 in sequences retrieved from GenBank. 172
173
Phylogenetic analysis was carried out with the PHYLIP program package version 3.53 (Felstenstein, 174 1993) . Evolutionary distances were estimated with the DNADIST program using the F81 model. 175
Phylogenetic trees were constructed using UPGMA and neighbour-joining (N-J) algorithm in the 176 PHYLIP package. Genotypes and subgenotypes were determined by phylogenetic analysis of the 177 amplified fragments of the S gene with sequence from previously genotyped and subgenotyped strains 178 (Norder et al., 2004) . The deduced amino acid sequence of the S gene region was used to determine 179 the subtype, which was assessed from the substitutions at codons 122, 127, and 160 (Norder et al., 180 1992; Okamoto et al., 1987) . 181
182
Results 183
Seroprevalence of hepatitis B markers 184
There was an overall high prevalence of HBV markers (66 %). It was significantly higher in the 185 Sirama villages, 74 % versus Mataipako, 55 %, (p<0.0001; Fisher´s exact test; Table I ), whereas there 186 was no major difference between males and females (69% versus 65%, p=0.34). In all, 370 inhabitants 187 had HBV markers, 322 (57 %) were negative for HBsAg but had anti-HBc and/or anti-HBs as markers 188 of past infection, while 48 (8.5 %) individuals were positive for HBsAg (Table I) . Anti-HBs as only 189 serological marker was found in nine (1.6 %) inhabitants (Table I) HBe positive, while two patients were negative for both these markers (Table II) . There was no 196 significant difference in HBeAg or anti-HBe prevalence between regions or sexes. 197
198
Genotype distribution 199
Three HBV genotypes A, D, and E, were identified in 45 samples by sequencing and analyzing the S-200 gene region (Table III) . Most strains belonged to genotype E, 24/45 (53 %), followed by genotype D, 201 11/45 (24 %) and A, 10/45 (22 %). One individual was infected dually with one genotype A strain 202 expressing ayw1 and one genotype D strain expressing ayw2. The HBV genotype could not be 203 determined for two individuals due to low level HBV DNA. 204
205
Most of the 24 genotype E strains originated from inhabitants in two villages, 12 from Mataipako, and 206 10 from one village in the Sirama region (Table III) . Seven of the genotype A strains were from 207 inhabitants in two villages in the Sirama region, and three were from inhabitants in Mataipako. The 208 genotype D strains originated from inhabitants in all villages with HBsAg positive individuals (Table  209 III). 210
211
Phylogenetic analysis 212
Phylogenetic analysis of the small S gene revealed that all genotype A isolates belonged to 213 subgenotype A1 and specified subtype ayw1. In the phylogenetic tree, these isolate segregated into one 214 clade and being most similar to strains from Malawi (Fig 1a) . This clade was also supported by N-J 215 analysis (data not shown). Five strains from inhabitants in two villages in the Sirama region, 216
Ambodimanga and Ambodikatakata, had identical S gene sequences and differed by only one 217 nucleotide from two other strains from Mataipako (Fig 1a) . Another three strains were more divergent, 218 although they were found in the same major cluster as the other genotype A strains from Madagascar. 219 220 All but two genotype D strains could be classified into two subgenotypes, D2 (one strain) and D7 (8 221 strains) in the phylogenetic analyses. The D7 strains, specifying ayw2, were found in one cluster and 222 shared similarity with strains from Somalia and Tunisia in both the UPGMA and N-J analyses (Figs 223 1b; 1c). These D7 isolates originated from inhabitants in three villages, two in the Sirama region 224 (Ambodikatakata, and Tanambao), and Mataipako. The D2 strain specifying ayw3 was from a male 225 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 D2 and D7 strains formed separate clades also in the N-J analysis, although in this analysis the D1 and 227 D3 strains were split into two and three clades, respectively ( fig. 1c ). The D4 and D7 strains formed 228 the first split in the N-j tree, although this was not the case in the UPGMA tree. Six D1 and two D2 229 strains classified based on complete genomes, could not be classified into a subgenotype by UPGMA 230 but belonged to their respective subgenotypes in the N-J analysis (figs 1b; 1c). On the other hand there 231
were five D1 strains based on complete genomes that were classified as D1 in the UPGMA tree but 232 could not be classified into a subgenotype by N-J (figs 1b; 1c). Two genotype D strains from 233
Madagascar were not classifiable with any of the analyses. One, 1500-02, from a female from 234 Mataipako encoding ayw4, was found between genotype D and E strains in the N-J tree (fig 1c) . The 235 other strain, 600-02, from a male from Ambodimanga specified ayw2. This strain was similar to a 236 strain from aboriginal populations in Australia in the UPGMA tree and formed a separate branch 237 between the Asian D4 and the African D7 strains in the N-J tree (figs 1b; 1c). 238
239
The 24 genotype E isolates were found intermixed with strains from West Africa in the phylogenetic 240 tree ( Fig. 1d ). Fourteen of the Madagascar strains were found in two clades. In the major clade, 11 of 241 the Madagascar strains were intermixed with strains from Cameroon, Nigeria, Ivory Coast, and Mali 242 ( Fig. 1d ). Eight of these strains were from Mataipako, and four from two villages in the Sirama region, 243
Tanambao and Ankatoko. In the second cluster 4 isolates from Tanambao were intermixed with strains 244 from Congo (Fig 1d) . 245
246
Pre-core and core promoter region 247
The pre-core region was sequenced in 36 strains. A premature stop codon related to the G1896A 248 mutation was observed in six sequences (16.6%). This pre-core mutant was found in three of seven 249 investigated genotype D7 strains and in three of 18 genotype E strains. It was not found in any of nine 250 genotype A strains investigated. All strains with the pre-core stop mutant were from patients with anti-251
HBe. Another pre-core mutation, G1896T, converting Trp 1896 to Leu 1896 , was found in two genotype D 252 strains and in one genotype E strain. This variant was found in two patients with anti-HBe and in one 253 patient lacking HBe markers. 254
255
The core promoter region was amplified and sequenced in 16 strains, three were genotype A, another 256 three were genotype D, and 10 were genotype E strains. All genotype D and E strains expressed A 1757 , 257 and the genotype A strains expressed G 1757 . One genotype A strain had C1766T and T1768A 258 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In Mediterranean countries, genotype D has been shown to present in high frequency in negative 278 chronic HBV infection without HBeAg, associated with HBV mutants in the pre-core region (Brunetto 279 et al., 1993) . The most common precore mutation, G1896A, which creates a stop codon, has been 280 associated previously with the subgenotypes found in this study (Chu et al., 2002; Kramvis et al., 281 1997; Lok et al., 1994; Olinger et al., 2006) . This mutant was only found in 38 % of the genotype D 282 strains and in none of the A1 strains. There were also only two strains, one genotype A and one 283 genotype E, with core promoter mutations. The high HBeAg prevalence and low frequency of precore 284 and core promoter may be due to the prevalent HBV genotypes if genotypes A1 and E have prolonged 285 replicative phase with HBeAg expression, as is described for genotypes B and C in Asia 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w genotype D S -genes thus seems better to mirror the tree obtained from complete genomes than 327 UPGMA. The split of genotype D strains into two main branches, one with D4 and D7 and one with 328 the other D subgenotypes, with D5 as first spit, might support that genotype D has followed two waves 329 of two human migrations out of Africa. The D4 subgenotype being linked to the early settlement of 330
Papua-Australia-Melanesia followed by a later wave of settlement reaching India supported by India, 331 being populated before Europe, and D5 being the first split in this branch. 332 333 There were in this study five different D7 strains, all showing close relationship with strains from 334
Somalia. It has been proposed that there has been a migration wave into Madagascar from central East 335
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